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(57) A process for making a closure assembly 
includes placing a closure cap portion in a compression 
mold, introducing a melt of elastomer, pressing the melt 
into a septum against the cap and applying a foil barrier 



against the septum. The process may be performed in a 
rotary compression molding apparatus. 
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Description 

[0001 J 1 . Field of Invention : This invention relates to 
molding processes, and more particularly relates to an 
improved process by which mutti -component closures 
may be molded by an operationally simple and cost effi- 
cient process. 

[0002] 2. Background of the Invention : Mufti-compo- 
nent closures for vessels such as flasks, vials, tubes 
and the like have conventionally been manufactured by 
injection or compression molding of the individual com- 
ponents and subsequently combining the individual 
parts in one or more separate processes. For example, 
in the manufacture of tube closures, a septum for pene- 
tration by a needle is stamped out of an elastomeric 
sheet and adhered to a performed cap portion. Addi- 
tional components, such as a foil lining, may then be 
added. 

[0003] Such processes are inefficient from a process- 
ing standpoint and also result in material waste at each 
step. In all injection molding machines, some polymer 
remains in the sprue after the mold is closed, leaving a 
projecting piece or tab which must be removed after the 
product is ejected from the mold. Often, the tabs are 
simply discarded, or for reasons of economy, may be 
recovered and recycled. In either case the inefficiency 
and additional cost which result lead to reduced produc- 
tivity from the mold. 

[0004] In compression molding, an apparatus which 
resembles a waffle iron is used wherein melted polymer 
fills all mold cavities without passing through gates and 
runners. When an the cavities are filled, the mold is 
closed and heat and pressure are applied from a 
hydraulic press. While this process eliminates gates and 
runners, a surplus of polymer must be used to ensure 
total cavity fill. The heat and pressure cause the poly- 
mer to fill the cavity and cause spfllage out into overflow 
grooves. Polymer in the grooves, like the tabs in injec- 
tion molding, must be recycled or discarded. Compres- 
sion molding, like injection molding, is inherently a batch 
process but is less efficient than injection molding, 
because a separate machine is required to separate the 
individual articles from the single large "Waffle 0 which 
comes out of the compression mold. 
[0005] Rotary compression molding is a recent devel- 
opment in which individual molds on the track of a con- 
tinuously revolving platform are intfvidually charged 
with a mart of thermoplastic material. Compression and 
heating of the thermoplastic in the mold by a plunger 
forms the desired article. The mold -plunger unit 
advances along the track and is opened when the arti- 
cle has sofidif ied. 

SUMMARY QF THE INVENTION 

[0008] tn a process for making a closure assembly, a 
closure cap having an open lower end and a top waD 
having an opening is placed, top waD down, in a com- 



pression moid. A predetermined quantity of a thermo- 
plastic elastomer (TPE) is added to the cap and pressed 
by a matching male forming pin into a septum which 
covers the opening and adheres to the underside of the 

5 top wall. A permeability lowering barrier may then he 
pressed against the septum, m a preferred process, the 
cap is introduced to the female cavity of a compression 
mold at a first station of a rotary compression molding 
apparatus and subsequent steps of the process are per- 

10 formed sequentially at later stations. 

[0007] Conventional processes for making closure 
assemblies include preparing a performed sheet of 
elastomeric material, laminating a foil barrier material 
thereto, stamping septum-foil units from the laminated 

75 sheet and adhering these to injection molded caps, 
often with an adhesive These procedures are time con- 
suming and up to 30% of the elastomer is lost during the 
stamping operation and must he discarded or recycled. 
The present invention overcomes the lost time and 

20 material of conventional processes, eliminates any 
need for adhesive, and is accordingly much more effi- 
cient. 

BRIEF PESQR IP TIQN QF THE PRAWINQS 

25 

[0008] 

Fig 1 is a perspective view of a closure assembly 
made by the process of the invention; 

30 

Fig 2 is a vertical sectional view of the assembly of 
Rg 1 taken along the line 2-2 thereof; and 

Fig 3 is a top plan view of the assembly of Fig 1 . 

35 

PETAI^P PESCR IPT ION 

[0009] While this invention is satisfied by embodi- 
ments in many different forms, there will herein be 

40 described in detail embodiments of the invention with 
the understanding that the present disclosure is to be 
considered as exemplary of the principles of the inven- 
tion and is not intended to limit the invention to the 
embodiments illustrated and described. The scope of 

4S the Invention will be measured by the appended claims 
and their equivalents. 

[001 0] In the process of the invention, a multi-compo- 
nent closure assembly is produced by compression 
molding a purtcturable septum directly across an open- 
so ing in a cap portion, and then, without rernoving the cap- 
septum unit from the mold, a permeabifty-lowering ter- 
rier is introduced and adhered to the septum. 
[0011] Adverting now to the drawings, Figs 1-3 illus- 
trate a typical tube closure assembly fabricated by the 
ss process of the invention. Assembly 10 includes a cap 
portion 1 1 having an annular top wall 12 having a bot- 
tom edge 13 and a side waD 14 defining an open bottom 
end 1 6. Side waD 1 4 may include a shelf 1 8 for engage- 
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merit with the Op of a tube (not shown). Top wall 12 
includes an opening 20 to receive a needla A septum 
22 is adjacent and adhered to bottom edge 13 of cap 
portion 11. A permeability lowering barrier 24 is adja- 
cent and adhered to septum 22. As shown in Rg 3. sep- 
tum 22 is visible through opening 20 when the closure 
assembly is viewed from abova 
[0012] The cap portion 11 of the assembly may be 
fabricated by any conventional process, such as Injec- 
tion molding, and may be of any conventional plastic 
which is compatible with and farms a secure bond with 
the material selected for the septum, as delineated 
below. Preferred plastics for the cap are potyolefins, 
such as polyethylene or polypropylene, polyethylene 
terephathalate (PET) and polystyrene. Fabrication of 
the cap portion is not part of this invention. The injection 
molded cap portion may be placed in the female cavity 
of a compression mold with top wall 12 in the bottom of 
the cavity so that open bottom end 16 faces up. A quan- 
tity of melt of TPE predetermined to form septum 22 is 
then introduced, preferably by extrusion, Into the cap 
portion In the mold cavity. A matching male forming pin 
is introduced into the female cavity to force the elas- 
tomer into the shape of septum 22 which is thereby 
pressed against and bonds with bottom edge 13 of cap 
top wall 12. 

[0013] Any TPE which forms a secure bond to the cap 
may be used for the septum. Suitable thermoplastics for 
septums to be used with polystyrene caps are for exam- 
pie acrytonrtrfle- butadiene-styrene or styrene-butadi- 
ene rubbers. For PET raps a septum of polyester TPE , 
such as HYTREL™ (DuPont) is preferred. 
[0014] Elastomers suitable for septums to be used 
with polyolefin caps are thermoplastic polyolefm rub- 
bers, generally referred to as TPOs, for example ethyl- 
ene-propyiene-diene monomer (EPDM) rubber In a 
polypropylene matrix, commerciaOy available under the 
trade name SANTOPRENE™ from AES (Advanced 
Elastomer Systems, Akron, Ohio). 
[0015] A preferred elastomer for septums to be used 
with polyolefin caps Is the class of copolymers known in 
the art as metaflocene copotyolefms, i.e., copolymers 
made using metaflocene catalysts. Exemplary of such 
products are copolymers of ethylene with an alpha ole- 
fin of 3-20 carbon atoms. These products are commer- 
cially available from Exxon under the trade name 
EXACT™ or from Dow under the trade name 
ENGAGE™. 

[0016] The most preferred elastomer for a septum to 
be used with a polyolefin cap is a metaJlocene copoly- 
mer of the EXACT or ENGAGE series which has been 
silane-grafted to contain about 02-10% by weight of 
sane. Silane-grafted metaJfocene polyolefin copolymers 
are well known in the art and are fully described in Euro- 
pean Patent Application EP 0 702 032A2 and Interna- 
tional Appfication No. W0 95/29197. They form 
exceptionally strong bonds to polyolefin caps. Sflanes 
which may be grafted to potyolefins are sold by HULS 



AG (Somerset, N J.) under the trade name DYNASY- 
LAN™ A preferred grafting agent is vinyl trimethoxy 
si tana 

[001 7] If it is desired that the septum be hardened, the 
5 capseptum unit in the mold may optionally be exposed 
to moisture to crosslink the polymer of the septum 
through slloxane groups. Crosslinkirtg of si lane-grafted 
metallocene potyolefins is conventional in the art 
[001 8] Without removing the cap-septum unit from the 
10 mold, a permeability lowering barrier may be pressed 
against and bonded to the septum. The barrier prefera- 
bly is of foil, most preferably aluminum foil, though any 
other suitable material as known in the art may be used. 
If a more secure bond between the septum and the foil 
is barrier is desired, the foil may be coated with any suita- 
ble adhesive such as CHEMLOK™ (Lord Corporation, 
Erie, PA). The barrier may be about 0.3 to 3 micron 
thick. 

[0019] The preferred process of the Invention is con- 

20 tinuous. In this embodiment of the invention, a line of 
female compression molds moves along a track. Each 
mold visits sequentially a series of stations where an 
operation in the process takes place. Thus, at a first sta- 
tion along the track, the mold receives the injection 

25 molded cap portion, as described above. The mold con- 
taining the cap advances along the track to a second 
station where the predetermined quantity of elastomer 
is extruded into the cap in the mold. At this station, the 
mating male forming pin may be introduced to compres- 

so sion mold the elastomer into the shape of the septum, or 
preferably, the mold, after receiving the elastomer, may 
be advanced to the next sequential station where the 
forming pin enters the mold and compression molds the 
elastomer into the septum and against the bottom edge 

ss of the top wall of the cap. The forming pin may then be 
retracted and the foil or fail-adhesive unit Introduced 
and pressed against the septum by reentry of the form- 
ing pin. 

[0020] Alternatively, the mold containing the cap-sep- 

40 turn unit may be further advanced and the fofl barrier 
Introduced at a subsequent station. An apparatus suita- 
ble for the continuous process of the invention is 
described in detail in U.S. Patent No. 4.314,799. 
[0021] In any closure, it is critical that the septum bond 

46 securely to the cap so that no separation or leakage 
occurs. For example, it is readily seen that faQure of the 
septum-cap seal would compromise the vacuum in an 
evacuated blood collection tube and lead to incomplete 
sample collection. In the present invention, it has been 

so found that compression molding the melt bonds the 
elastomeric septum against the cap with sufficient 
strength so that adhesive is not required and leakage 
doss not occur. Bond strength between septum and cap 
in closures made by the process of the invention and the 

55 prior art may be tested qualitatively for leakage by the 
procedure of the Example. 
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[0022] The closure to be tested for leakage was 
inserted into the open end of a 1 6X100 mm plastic tube. 
Ten ml of water ware added (80% fill), and the tube was 
dropped from heights of 78 and 39 in. onto a laboratory 
floor (simulated hospital floor). The tubes were then vis- 
ually examined for leakage through the cap-septum 
seal. No separation of septum from cap was observed 
with the following closure assemblies made by the proc- 
ess of the invention, and no leakage was observed. 

1) polystyrene cap - HYTREL septum-foil barrier 

2) polypropylene cap - SANTOPRENE septum-foil 
banner 

3) polypropylene cap - si lane-grafted EXACT sep- 
tum-foil barrier 

Claims 

1 . A process for making a closure assembly compris- 
ing: 



a) placing a polyolefin cap portion of a closure 
assembly having a top wall defining an opening 

5 into the female cavity of a compression mold, 

said top wan being adjacent to the bottom wall 
of said mold; 

b) introducing a melt of a copolymer of ethylene 
and an alpha olefin of 3-20 carbon atoms into 

w said cap portion; 

c) pressing said copolymer with a matching 
male pin to form a septum against said top wall 
and covering said opening; and 

d) affixing a permeability-lowering barrier to 
75 said septum. 

7. The process of Claim 6 wherein said copolymer 
includes sane grafts. 

20 8. The process of Claim 7 further comprising 
crosslinWng said septum of silane-grafted copoly- 



a) placing a plastic cap portion of a closure 
assembly having a top wall defining an opening 
into the female cavity of a compression mold, 
said cap portion being placed with said top wall 
adjacent to the bottom waO of said mold; 

b) adding a thermoplastic elastomer to said 
cap portion; 

c) pressing said elastomer into a septum 
sealed against said top wall and covering said 
opening; and 

d) affixing a permeability lowering barrier to 
said septum. 

2. The process of Claim 1 wherein said elastomer is 
pressed into said septum by a matching male form- 
ing pin. 

3. The process of Claim 2 wherein said cap portion is 
placed in the female cavity of a compression mold 
at a first station of a rotary compression molding 

4. The process of Claim 1 wherein said plastic cap is 
of polystyrene, polyolefin or polyethylene tereph- 
thalata 

5. The process of Claim 1 wherein said elastomer is 
selected from a group consisting of styrene-butarS- 
ene rubber, ethylene propylene diene monomer 
rubber, a copolymer of ethylene and an alpha olefin 
of 3-20 carbon atoms, and a Bi lane grafted copoly- 
mer of ethylene and an alpha olefin of 3-20 carbon 
atoms. 



9. A process for making a tube closure assembly com- 
25 prising: 

a) placing a polyolefin cap portion of a closure 
assembly having a top wan defining an opening 
into the female cavity of a compression mold at 
a first station of a rotary compression molding 
apparatus, the top waD of said cap portion 
being placed adjacent to the bottom of said 
mold; 

b) adding a predetermined quantity of a melt of 
a silane-grafted copolymer of ethylene and an 
alpha olefin of 3-20 carbon atoms into said cap 
portion in said female cavity; 

c) pressing said copolymer with a matching 
male pin to form a septum against said top wall 
and covering said opening; and 

d) pressing a permeability-lowering barrier 
against said septum with said male pin. 

10. The process of Claim 9 wherein the septum is 
crosslinked. 
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6. A process for making a closure assembly compris- 
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